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AR1 56 



--^ (57) Abstract: In an exposure apparatus, an exposure of a substrate (P) is carried out by filling at least a portion of the space between 
^ a projection optical system (PL) and the substrate (P) with a liquid (50) and projecting the image of a pattern onto the substrate (P) 
through the projection optical system (PL). An optical element (60) and a lens-barrel (PK), which are in contact with the liquid (50) 
fs| when the substrate (P) is moved, are subjected to a surface treatment for adjusting the affinity with the liquid (50). Consequently, 
formation of air bubbles in the liquid between the projection optical system and the substrate is suppressed and the liquid is always 
held between the projection optical system and the substrate, thereby creating a good immersion state. 
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\* ^ * vmmmm^/ \* •< * i* . x ^ ±\zmf&$ titers? ->%mi£ 

2 4 8 nmffeS^ MI^MJtCD A r F3i=lf v? lx-+f(7) 1 9 3 nm&Uffi'fb 
£*i,oo£>§ 0 ffi^^^aPilKi. ^ftJS^IWlttl^^Jg (DOF) 

R = k, ■ A/NA ••• ( 1 ) 

6 = ±k 2 - A/NA 2 ••• (2) 
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^m^9 9/4 950 4^&mzm7jk£tiTi^m%m<mm$tiT\,\z> 0 3© 

/W+'CCDS^©^*^, ^m^CD 1 / n ( n (£^*©Ji*JT^-e;i^ 1 . 2 ~ 
ttt^f £ ii I \ -5 «fe © Tr fe 5 o 

*»W©»1 ©«6*»i^x.lix rt*-><D&*Mte (5 0) fe^ur*S 
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fflRJi*--><D&&&mz&&-tz&&yt¥& (pl) 
n-rie^s^^ (pl) (Dmutete (50) tmb-tzufr ( 6 o x pk) i± n 
;W (so) fc©«wttftiwi-«fctoi^*ffii«!a**iT-i^sa3tiiii (ex) 

*3§0J3©SS2©JISttlfc:fi£x.ldU J^f -XDigL^m* (50) £^LTSt£ 
(P) ±lZte¥LT^£R3fe*-S«&|S«-efcoT : 
tWB^^->©Hl4attEtlft|B-J-Slft»^» (PL) 

tuiB&i^^ (pl) ^©^©^m^ (6 0) mmz-Ei&mimM 
mm (ar 1 ) m^wmmt (ard jis©^2a®fiiie (ar d ^ 

»1 HWI*£ (A R 1 ) (5 0) ft2SSSim (A 

R 2 ) (50) \Ztt1r2>mMm.& K> t»^Ug^t (EX) #*l#t£*i3 0 

t-SiBWDtttx ^©JlS©^2^®^IiHgJ:'9^<-ri,3i:-c7. ftlWmi^J: 
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%izMLi:i$±$foT:i\&-mm%;(Dfrti:t>-t\ m?t$*izmfawmytMzMi,T 
^i^ti^^sii^feotts mfazmytytnytm^z&^LTmwL-tzz 

*f&ty(D$g3(DtfemzGE7L\t, S^ct'-A (EL) 7r/t£ - >£j$BJ§ U 

(5 0) £^UTS*£ (P) ±l3$E^LT»fi^Il3 1 c1-i.S7fe^ 

ffiTr&oT : 

MlBn^-XDft'&a^l^iJ-r^^T'c^ (PL) i: ; 

®M%¥3h (PL) ( P ) £(D?&(D'l>te < ii^-gp^ft ( 5 0 ) TrM 

fr-tmmw (k 2) t ; &tx, 

*ft (5 0) <DJ9££d. (PL) (P) ^©P^l^fclti)^ 

ft: (50) (D^tlCDiljg £ v N (50) <D^£p % (50) (Dm±i% 

Ife^MiiLT, ( v • d • p) /m^2 o o o^is^^rusiTtit 

(EX) ^fft^^^o 

^^i^cfcttis. iss^f^^^-r^ctaiL fe^^m (pl) fcaiE 
( p ) t(Dm(D'j>te < £$>-mzmtemm$£ti%0ki**i8Lfc-t% zt\z& k> , 

*%m<Dm4(Dmm\z'$L7L\-£. m%^-u (ed tt^x^ (m) cd/\°*-> 

^PS0^L S /^->(Z)ftfe}W (5 0) ^^LTS^ (P) ±tfe?Lrai«: 

tulBA^->(Dft^»^[^^t-?)^i^^ (PL) h ; 
&&%&Jh (PL) fc**R (P) ta>BB<Z>ii>3Cfe < fc«fe-ffl&*#Tf>f}fc1-fctf> 
(DftSl&tt ( K 2) h ; £fl;U 

(5 0) (P) ©^*rS]^¥^flc:®^i:^or^ti-i)S7 l c^m 
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(ex) wtimz tiZo 

fe a i n i* o \ %un-t % msL* t - -ymiz^m^m * m± $ -tt * c ^ t, & t \ 0 

*5&M(Dm 5 (D&miZtftTLlt, M^cti-A (EL) T?y^->4PJ3L X A* 
-XD&*m& (5 0) £^LT**£ (P) ±l3te^LTStS^:il7 l c1-?.®^ 

^IBA^->£Dft^^(3^^-i,^^m (PL) «h ; 

m& ( P ) ±fiD#l^*ft: (50) 3 (1s 2 ) h ; 

( 1 s 2) zmmTzmmmm (con t) t ; 

i^$iJSP^M (CONT)lt «fi(P) (50) <Z>{£|SjWiL 

**i5«fca(^jsai^ii (K2) ««i»irss^$is (ex) wmm$ti% 0 

j££*i3A£->cD£<b£Ffe±T:t. »?|}:iii:(D(ii»^ 
*^©^6 0D^I3^x.lS N (PL) lz:<fc3A*-><D&£gl& 

(P) _hi=*ft«g u-rattE (P) ^ti»i^i:fc^r : 
S^tfri^x a«E (P) ©as^x ?w (5 0) h(D*ifD'tt^pM-r§fe<fci3^ 

(PL) ( P ) £<Dm<D'J>%: < 4:«k— gPfc&H* (50) "Cat 
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tm (5 0) £^UT**£ (P) il^t^^ht^t; 



El 5 (a) ~ (c) H\ ^M^^^^-CtN^l^i^^hS^hcD^lJ: 
(a) ~ (c) li, *SM^*tifc«jK3^*ta?Ki:a>IIBt»#:3b< 

S8 (a) Rtf (b) (i N tttty X^©{tjCO^m^Jfe^lHTfe§o 

HI 9 (is a*K±l3i9!lte>*ifc*;K-^r^^fe^EiTifeSo 

(31 0li N ¥aS#^WX(D^X^CD-^J^^-r^n-^^- KSlTfeSo 



6 



WO 2004/053956 



PCT/JP2003/015735 



S^P&^-TSttlkX^-vP S T t \ TX^Xx-vM S TlCo£f#£tiTl\ 
)fet^mPLi:, S^#EX^*CDiij#^^$iJ^p-r?,$ijfflJ^acO 

Srr^fRi&zfi^fnk z$ft^-(Ri[^Sii:^¥®i*iTr yx^m^IIp 

^Ii)^rR] (^S^fn]) ^X$4^-fp|. Z$4^"fp]^.t>*Y*fi^fB]l3Sit«;^fp] 

&Y <h 1" 3 0 *fex X«k YSu StfZtti^fr&^fa&^tL^jh.. 

0X N 0Y, ^tfS Z3-fpJh-r£ 0 &*>\ 3 3TrU3 rgfc li*MW*£xA± 
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>^&ltdl**i5*^J«a)»Kl (gML h*SL ig) MKrFi+v7l,- 
■tfTfe 0M2 4 8 nm) «0>attfttt (DU V&) ^ s A r Fi+^U-lf* 
9 3 nm) 2 U -+f*; GfcR 1 5 7 nm) ^(D*^m^7fe (V U 

V}fc) fc£r#JSl>e>ft3o *HJS^ICfcUTli N ArFi+y?U-fMffl 

itCON HZ J: K>P)'Mi*tl2> 0 77^Xf-vM S T±tD7Xi' MOD 2ft7zl3 

itmmmmc ont * „ wiic oNTiiu — tf^F^ttcDtfS'ji^m 

i^li^IMx 01l^l^^>U7. (S U S 4 0 3 ) TrJM^ftfcgtWP KTr^: 
J$«*ftTl^o *HJfe^l^fc x UTs *6»^*PLI±s &f&te^/3tf#J;ll£1 

ffiU-Ttl"^.^*, £fcx *IIJtm«l©S^3t^PLODStRPi|iJO!)$feiftgP7l3: 

=K 6 0 35)<Kft6*iriASo 3(D3fe^*^6 0 liit^P Kld^LT* 
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WfoJs^-V? S Tit. £*5P ft <&©T?ifeo-£\ StEPftaStEjJuuy 

^^lrffi^t§Z7f-i;5 1 Z7f-v5 1 fe^tSXY7x->'5 
2 ts X Y7f-v5 2 4iKft5^-7 5 3 £ftfif;LTU3o Ifcf-vP 

mmmm pstd \tmmmm: c o n t h «* t> *jfw s ti ?> 0 z^t-vs 

1 £l*»-ri> Chinos Z7r->5 1 K«&SihTl*3*«P(DZtt*fil;: 

ft*- h"7*-*^^s Rtf*- h U ^ U > ^^T:}£fS}fc^ P L (D&MIZ 
^■*)-l±a*s XY7f->5 2l«^P(7)Xti^[p]^t>'Y$i^[3fclt§feM;* 
toft^T^o fcfc\ Z7f-vi:X Y7f-vt ft — tefadlS! l±TT «fc I n Zl i: li = 3 

SSXf-vPST (Z7f-y5 1) ±ldtt N il^f-vPSThhfet 
tft^^PLI^LT^»-r*^aSS5 4*<KI^6tir^5o $tttt5 
4l3^(pl1-i,&Sl3liU— 5 #KI*&*lTU3o SfeXx-vP S T 
±©*t5 P CD 2 &7U#|pJ©<3aMx JRtflnlfeSli b — tf^It 5 5 13 cfc "9 U T 7 ^* 

•r ATthsa* *iv tKiM&ftte$ifli&«c o n t iztba * *is 0 toiffl^sc o n t 

t§^h«Xr-vP S TI^#^tiTUi»a^PCDii«^46ft^a o 

*£M©n*->©«ftstRP±izJt&¥LTi^R3ii N atspcDas^siK^ 

^P L©$fe*»aP7ta)HtFlf3fe©*#5 0*«j»fc**iS o ±iHLfc«J:d(z:. 

«#5 oi4*^jtf eotsii (&jrsm*) PKtiamti. 
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*mmmmiz&\,\-Cs mi* 5 oizm&ktfm^bHZo a r fi+>7 

ffi (g#fcx- i M) &tfK r Fx+i/ y> U-if^fe (M2 4 8 nm) mcDM. 

SftHS EXIt P L CDftiifijgB 7 hME P t <BBg©£fig 5 6 KffiSfe 

.(Dim 5 0&fttt*3»ttftte£1E f&*S££g) 1 ts £Fb15 6©>£ 

Mft|&yx;u^Lr^5 6iz:^5 0£#fc$STt-£> o 

x.TU£o »fr@l|Xl6«2lZl4|HIlRtt6(D— iia*«jfi»*ti x 0TO6(DfM*p 
iCttlsUX;' XJU 5 *TOi£*lT H« o ^IHAlX^ 2 teUM y XJU 5&tf[H]i]X^ 
6 LTSH 5 6 50$ leWx*"* 0 5 6 lnjfctis 5 0 . $| 

tzm 5 6 i^ur#ten#F^fe o 5 o %mi&-tz tt^iz^ mi*® 

*#5 0^Bfl5 6«tip|H|J|X-rSo C^ICcfcO. «ag^*PLflD$tiiS7ta6 
P t ©IBCD^ia 5 6 IdSftfls 5 0 tl S o 

*U «!l53fe^PLtWUTx x^Mtf-X^fRj (Xte+X 
£-[rJ) I^SJSVC^ai-rsot^LTx X Y7f-v5 2 & ^ L TStE P /)< + 
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ay h««t*t-*-S«3t*0aft«JiIJfcfT*»*iSo *^»slTr(i. StSPOD^B*- 
fp] t ¥ff 1^31*6 (D&W}ftfa h|S|-^r[p3l3^#: 5 0 fcSJrt" «fc -5 tK^* *IT 1% 5 0 

X;U4 (4A-4C) »5 O^0tn0i|S/X;b5 (5 A. 5B) h(D 

& X^^fpJlC^t? «k 5 (3, + XS"lRjfi!jf3 3 o<D{£ij&y XJU 4 A — 4 C tf@Eg£*U 
-X55r|RliBflt2o(DigiR/X;U5 A N 5 B#I3g£*iTl^ 0 ?LT, t^/X 
;U4 A~4ClittlSf3^btmtt^S1 IeU]X/X;U5A n 
5 BI±|HliRtt4*^LT*#@iR«it2tj*tt*tiTUSo ££x &i&;X)\,4 
A — 4 C hUMX/ X^U 5 A N 5 B fc4$ti»gp 7 LTBS 1 8 0° 

Ufc&SfCs #tf&/XJU8 A-8Ciis IiliR/X;U9As 9 B h#IEM£ tiT U 
So X)IA A~4Ch0i)Xy XJU9 A. 9 B tit Yttl*|p]I^Sl3iB5iJ^ 

tlx A~8Ci:|Hli|xy XJU5 A. 5 Bfc(iYtt;frfaf;:£Sl;:E5!)£ 

tis f**s/x;u8 a~8ci^**swi o^^ur^«^ai iz^^n. 0 

i]XyX;U9A N 9BI£[H]ij5mi 1 ^^UT^H|iJX^S2lC^^tLX^So ^ 

X>IU3K 3 2RZf\E\i&; XJU3 3. 3 4 £l£l±§ Z£*>T:$2> 0 Z\(Di*ife;X 
XMZ& <9 „ X^^^K)-rSP§(Da*gPCD^^«^-fp] (Y$4^- 

fRi) ^ro^tbatlcifcUTtx P L P topics 5 o i 
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Tt^m p l G>%$m 7 izit, m* 5 o £<D®.m&\z.fo ^mm^mtm^tiru 

k.%\zMW5 0 h^M-r^SP^Trfeor. 6 0 CDT® 6 OAMilP 

KTfflCD-SP^^fc^^^P LCDTS7 A, ^O^ODT® 7 Ald&*^£>ii 
®P K<D-SP©tJS7 B&#fc c *»ill33t^, Oli 7 J<Tfci,/cto. 

tft»3fe^P L©$fci8gP7l;:33ltT\ 7^31^6 0(DMW (TM) 6 0 AM 

$tttp k©t®©— gP(D««?fe^it?»i st®$g^A r 1 zomi mmmmA 
r 1 fflm-cfovTMmp K(DTm(DmKKDm*&Rifm%p K(Dmm^^m2m 
mmmA r 2 tut, mw^k3^®Ms#^£*iTL\3o ig 1 m 

mmi&A R 1 (Diki* (7k) 5 0(Cltt7|-3ll!fnt£fr\ fg2St®SIi^A R2CDM 
(*) 5 0lcM1-i»^i4cki9i^< fcSefcoKls f&1 . ^2ilfj|A R K A 
R 2cD^-ti^tLl^LT^®^Q ! ?i^^tiTUi>o Cd"e(i N ^i^6 0^t 

^2a®fi^AR2i^Lri^jtte^#^t-i)^mM (mikimm) tm 

U7kT & 3 fc#>, yt^m^6 0£itfcf&1 ^SWA R 1 ictt-TS 

ff^mtT, dCD^1 ^®fI«jAR 1 lz:^LT$l7ktt^^#^^o 

^1 iMAR 1 (D^JlTe 0©TM6 0 ARZfWlm PKlZtt^T^ tfijxti" 
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iai^tLtii (o 2 ) ^m^Tr^x^mm-t^>o 2 y^x^mm^mt 
^1 mmm/\ r 1 izoHm^^m^^^i^^m^m-ot^cD^mizm 

0 t&mmtTrtbZmmP Kh£^A,7?U£>fc#x IMttltS^, 
§IE&l31£fT5 ^i:^t§o &^3/i,s I1 1 MIMA R 1 (7):tf57x^m;&u : 
zm-arizi*. mtp^mmte t:(D^m^m ^zzttf-nzzo 

li^P K«M^#t;^2^MM^A R 2l'ttUT[«7MbM#^£;h, 
3o fH23tMIi$A R 2lZtt-t%m7kibmm.£L-C, ^Jx.tt"7<vi4tt«© 

T^7X'l4^^#^-^o &£>IW£. M^'Xh UTEa^Wbj^fS (CF 4 ) 

r x M-r 3 c f 4 ^ x ^M3i£ ^-r z t \z <t o t^w* & & z 
@^Ji^^tiTui)o cidTi*> &fcP(DmmzttLTm7Mbm : mt)m£tiT: 

m^&tt-S-i-Zo S^P^M^^^Uzi-^^^^M^L-caS^iiLfc 



^lt\ ^lisiiiA r 1 ro ; w5 oiz*iitz>mm>\±*. m2mm$mA r 
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dJh^fcGrefcSfcKK B3^ELI^UTaa»14t:*-*-S*m"C^J***lx * 

tfslds ±5B UfcB&^S: E X i\T ^X £ Mcdm 0 ^ - >£g*£ P lzm%T^ 

7X^Mi)^^Xf-vMSTI:n- K£*i£ <fc Id. £*RPj»*gX^ 
-vP S Tizn- K**ife6. ttftPgttCONTtt»^te&tt1 &ffi«)U £ 
Fb^5 6ll^t§iS^IMftSi&t5o IMStl 6ldttUTg 
ISP^i^l:)S^)T;W5 0 ^t§ 0 0>J X It, ^EPXa (H2#l) T 
Tfrlrmttfa (-X^IrI) ldS4EP&f£B£itT£«^&fT3^U:l*. TO 
f 3, ft|&;X;MA~4C, [2li|X^4x Sl^sHIX/X^S Av 5 B£JSInTs 
mfoi&fcgkW 1 RtfjfcttlsWX&il 2 Id J: U»#5 0 ©TO&tfEifttf^/bfti. 0 
s StRPA«-X^lR](»li|-rSKI^I*x ^t3MMyX;i/4 (4 
A~4C) LtiWffilpil 1 fr&»#5 OtfWf^P LtSiPh© 
fHlCttte*tbSth«fetx HHR^X^ (5 As 5B) x TkXfmWg 6 £^ IT 
5 0 jb<»ttlsMX$S11 2 (^IHiR^tix b >X 6 0 h»5 P fc©fffl J; o 
(3-X*-|r]Ic:^5 O/^SktlSo ^EPXblrTF-r^^lR] ( + X^fRj) Id 

StSP^Sj^-frr^sSB^&fTd^litts 0 N tt|g;x^8A~8 

C. E|J|x«1 K JttflsliRy XJU9 A. 9B&fflUT, 1 Rtfiftfls: 

Is] JRgtt 2 Id «fc >9 Jftf* 5 0 tfleJiJX t> *i£> 0 ~ttzk> i D, £tiiPtf+X 

*lRllZ»tt1-SPil^l±x ttlMM 0St/TO/X^8 (8A-8C) £^LT>£ 
f*TOS§1 ^6»f*:5 0 3WftK^*PLtat«Pt6D|Hlf^te**l*fc^"fe 
Ids EURyXJUQ OAs 9B) s^t>"lsirai 1 &^LTJftf*:5 0*<Jft#|5|i|X 
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mm 2 \Z®1&£ *K U >X 6 0 P t ODBgfeJgfef «fc o 13+ X lifalzmte 5 

0 WtilM o d©ct -5 13 N $iJiP^SC O N T lis ;ft#&te$gS 1 
S2$:fflUT^tSP©^iib^fRiraoT^5 0fe^ o 3©it£\ ^Jx.{^#: 
ft^tl A^ttl&y Xib 4 LtilS^ ti§;W 5 Olig^PcD-X^ft^ 

©^□i^ju^'-^'Jx^ < -c*,m.w 5 o &£Rg 5 6 \zmm\z^-n^^ 0 ^ lt. 
-x^rS]©^^e>©*'^]i3S^p^^-ri.^f3 j fe. u>X6 0(D%im7 1. 

-®tts ^Tte^P L^a^Pi^®MS^^tLT^^LA^(dc»ur 

T?fei.o 33Tli N j&fi^^P L^®^S^P«SI^*5 0l3ttUT*I*nt£ 
H15 (a) l«^X5F-vP S T M9±LTl^)£m*7jk-tm-T:ibZ>o m&5 

oizmn&y X)i4 jzkxmszh, hwjux^s £<o®i&$tiz> 0 3©h£. ^ 
5 o tmfcp titmtu&tfi&^tzisb, &Mp}9\t±%^ 0 is (b) itm&pt>< 

5 Oli^ftf i>a^P[C?|o?ie,tiSci:ai3UT^1-i)o ^SOtStSPi: 
fi»t£#^7 , c#K $*f*5 0liS^P(D^®^blStL^-rtN o i5 (c) itm 
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